Objective. To evaluate the performance of EQ-5D-5L (EuroQol Five-Dimension, Five-Level Questionnaire) and SF-12-v2 (12-item Medical Outcomes Health Survey-Short Form, Version 2) in screening for anxiety and depressive symptoms in adults with type 2 diabetes. Methods. Cross-sectional data from a population-based study of type 2 diabetes in Alberta, Canada, were used. Anxiety symptoms (using the 2-item Generalized Anxiety Disorder questionnaire) were categorized into absent (\3) versus present (3). Depressive symptoms (using the 8-item Patient Health Questionnaire) were categorized according to two severity cut-points: absent (\10) versus mild (10), and absent (\15) versus moderate-severe (15). The performance of the measures in screening for anxiety and depressive symptoms was evaluated using receiver operating curve (ROC) analysis. Results. Average age of participants (N = 1,391) was 66.8 years (SD 10.2), and 47% were female. Seventeen percent of participants screened positive for mild and 5.9% for moderate-severe depressive symptoms, and 11.3% for anxiety symptoms. For comorbid symptoms, 8.6% screened positive for anxiety and any depressive symptoms, and 4.6% for anxiety and moderate-severe depressive symptoms. The EQ-5D-5L anxiety/depression dimension and the SF-12 mental composite summary score had the best performance in screening for anxiety (area under ROC: 0.89, 0.89, respectively), depressive symptoms (any: 0.88, 0.92; moderate-severe: 0.90, 0.90), and comorbid anxiety and depressive symptoms (any: 0.92, 0.91; moderatesevere: 0.92, 0.90). These were followed by SF-12 feeling downhearted/depressed item (range = 0.83-0.85), while the lowest performance was for the EQ-5D-5L index score (0.80-0.84) and the SF-12 mental health domain (0.81-0.82). Conclusion. The EQ-5D-5L and the SF-12 are suitable tools for screening for anxiety and depressive symptoms in adults with type 2 diabetes. These tools present a unique opportunity for a standardized approach for routine mental health screening within the context of routine outcome measurement initiatives, where screening is recommended.
by the year 2025. 2 The burden of diabetes is primarily due to its complications and other comorbid chronic conditions. Mental health disorders, primarily anxiety and depression, are the most common conditions that coexist with diabetes, especially in older patients. [3] [4] [5] It is estimated that 14% of diabetes patients have anxiety symptoms, 6 and 19% have depressive symptoms. 7 However, despite the potential adverse effects of these mental health problems on diabetes outcomes and health care costs, [8] [9] [10] only one third of patients receive diagnosis and treatment. 3, 11 The Canadian Diabetes Association recommends that ''all individuals with diabetes should be regularly screened for the presence of depressive and anxious symptoms.'' 12 Clinicians usually use common standardized measures of screening for these symptoms such as the Patient Health Questionnaire (PHQ) and the Generalized Anxiety Disorder (GAD) questionnaire; however, there is no uniform approach of screening for these symptoms in Canadian health care settings. Other patient-reported outcome measures (PROMs) of general health status have been increasingly used for routine outcome measurement in health systems in Canada and internationally. The EuroQol five dimensions questionnaire (EQ-5D) and the 12-item Medical Outcomes Health Survey-Short Form (SF-12) are the most commonly used generic measures in routine health outcome measurement initiatives. These measures, and other generic PROMs, assess mental health as a dimension of overall health using single or multiple items. The routine use of these tools in health care systems presents a unique opportunity for a standardized approach for routine mental health screening, if these tools are fit for this purpose.
There is a large body of evidence on the measurement properties of the EQ-5D and SF-12 measures, demonstrating their reliability and validity in various populations, including those with mental health conditions. [13] [14] [15] In recent years, there has been a considerable move from using these tools in research to using them in clinical settings. 16, 17 This development has led to questions about their usefulness in individual patient management, particularly for those with chronic conditions. The high prevalence and costs of mental health problems in the context of diabetes, combined with evidence that behavioral factors are important for effective diabetes selfmanagement, create an important opportunity to integrate mental health screening and treatment into multidisciplinary diabetes care, to improve patient and public health outcomes, and to help decrease health care expenditures. Given the crucial need for anxiety and depression screening in this population, we sought to examine whether these measures could be suitable as mental health screening tools in this patient population. Our objective was to evaluate the performance of the 5-level version of the EQ-5D (EQ-5D-5L) and version 2 of the SF-12 in screening for anxiety and depressive symptoms in a population-based sample of adults with type 2 diabetes.
Methods

Data Source
Cross-sectional data from an ongoing cohort study of adults with type 2 diabetes in Alberta, Canada, were used in this study. A detailed description of the cohort design and procedures was reported elsewhere. 18 Briefly, type 2 diabetes patients, over 18 years old and who were able to communicate in English, were eligible to participate in this study. Participants were recruited over a 2-year period (December 2011 to December 2013) using several approaches and strategies including invitations through primary care networks, diabetes clinics, and various forms of public advertisements. Data were collected between 2013 and 2015 via a postal self-administered survey that included several measures and sociodemographic questions. All participants provide a written informed consent. The sample was considered to be generally representative of the diabetes population in Alberta. 18 This study did not receive any external funding.
Measures
The EQ-5D-5L is a preference-based measure of general health status. Its classification system consists of five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), each with five levels of problems: no ''1,'' slight ''2,'' moderate ''3,'' severe ''4,'' and extreme or unable to perform a task ''5.' ' 19 Each health state is described as a vector of these five dimensions. With five levels for each dimension, the EQ-5D-5L describes 3,125 distinct health states, with 11111 being the best health state (full health) and 55555 the worst health state. The EQ-5D reference period is today. We used the recently developed preference-based index scoring for the Canadian population, which has a range from 20.148 for the worst (55555) to 0.949 for the best (11111) health states. 20 The SF-12 (version 2) is a non-preference-based generic measure of health status. It includes 12 items (one specific to mental health, i.e., feeling downhearted or depressed), and yields 8 domain scores (physical functioning, role limitations due to physical problems, bodily pain, general health, vitality, social functioning, role limitations due to emotional problems, and mental health [MH]), as well as physical and mental composite summary scores (PCS and MCS). 21 The SF-12 reference period is the last 4 weeks. The domain scores were transformed into T scores with a mean of 50 and standard deviation (SD) of 10.
Anxiety symptoms were assessed using the 2-item Generalized Anxiety Disorder (GAD2) questionnaire. GAD2 assesses the presence and severity of anxiety symptoms within the past 2 weeks. 22 It includes two items, each scored from 0 (not at all) to 3 (nearly every day), with higher scores indicating worse anxiety symptoms. A total score is computed as the sum of the scores of the two items (range = 0-6), with a cutoff point of 3 indicating the presence of anxiety symptoms. 22 As there is no established minimal important difference for GAD2, we applied the half standard deviation (1/2 SD) rule of thumb, 23 and the total score was categorized as follows: present (GAD2 3) versus absent (GAD2 \3) anxiety symptoms. The sensitivity and specificity of the GAD2 in detecting generalized anxiety disorder in primary care were reported to be 86% and 83%, respectively. 22 Depressive symptoms were assessed using the 8-item Patient Health Questionnaire (PHQ8), a self-reported measure based on the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) criteria for major depression. 24 PHQ8 assesses the presence of depressive symptoms within the past 2 weeks. Each of the PHQ8 items is scored from 0 (not at all) to 3 (nearly every day), with higher scores indicating worse depressive symptoms. A total score was computed as the sum of the scores of the 8 items (range = 0-24). 24 A 5-point difference or change in the PHQ8 score is considered clinically important. 25 Based on a meta-analysis on the use of PHQ in screening for major depressive disorder, the pooled sensitivity and specificity estimates were 78% and 87%, respectively. 26 The total PHQ8 score was categorized into two severity levels:
Any depressive symptoms (PHQ8 10) versus absent depressive symptoms (PHQ8 \10) 25 Moderate-severe depressive symptoms (PHQ8 15) versus absent moderate-severe depressive symptoms (PHQ8 \15) 25 
Statistical Analysis
Descriptive statistics were computed for all variables in the overall sample. Differences in mean index scores, distribution of problems in the anxiety/depression dimension, and SF-12 MCS, MH, and distribution of feeling downhearted/depressed item were examined using t test and chisquare test as appropriate. Spearman correlation coefficient was used to examine the correlations between EQ-5D-5L and SF-12 components with GAD2 and PHQ9 scores. The performance of each of the components of the EQ-5D-5L (index score and anxiety/depression dimension) and the SF-12 (MCS, MH domain, and feeling downhearted/depressed item) in screening for anxiety and depressive symptoms was examined using AUROC (area under receiver operating curve) analysis. GAD2 and PHQ8 were used to define presence of anxiety and depressive symptoms, alone or in combination, as follows:
Anxiety symptoms present (GAD2 3) versus absent (GAD2 \3) Any level of depressive symptoms (PHQ8 10) versus absent (PHQ8 \10) Moderate-severe depressive symptoms (PHQ8 15) versus absent (PHQ8 \15) Comorbid anxiety (GAD2 3) and any level of depressive symptoms (PHQ8 10) versus absent (GAD2 \3 and PHQ8 \10) Comorbid anxiety (GAD2 3) and moderate-severe depressive symptoms (PHQ8 15) versus absent (GAD2 \3 and PHQ8 \15)
The EQ-5D-5L index score was categorized into quintiles. The anxiety/depression dimension has five levels: 1 = no, 2 = mild, 3 = moderate, 4 = severe, and 5 = extreme. The SF-12 MCS score was also categorized into quintiles. The MH domain score was categorized into quartiles, while the ''feeling downhearted/depressed'' item has five levels: 1 = all the time, 2 = most of the time, 3 = some of the time, 4 = little of the time, and 5 = none of the time. Scores for the EQ-5D-5L index score quintiles, ''feeling downhearted/depressed'' item, MH domain quartiles, and MCS quintiles were reversed so that higher scores indicate more problems.
To identify the optimal threshold for each of the examined components, that is, the cut-point that maximizes sensitivity and specificity, we calculated sensitivity, specificity, and positive (LR+) and negative (LR2) likelihood ratios for presence of anxiety symptoms and the two severity levels of depressive symptoms at each cutpoint (2, 3, 4, 5) , and an overall AUROC with 95% confidence interval (CI). AUROC values were interpreted as follows: 0.5 noninformative; 0.5 \ AUROC 0.7 less accurate; 0.7 \ AUROC 0.9 moderately accurate; 0.9 \ AUROC \ 1.0 highly accurate; and AUROC = 1 perfect test. 27 All analyses were performed in STATA 13.1. 28 
Results
General Characteristics of Participants
Average age of participants (N = 1,391) was 66.8 years (SD 10.2); 47% were female, 49% had more than high school education, 24.5% had an annual household income of $80,000, and the majority (92.8%) were Caucasian. Mean GAD2 score was 0.95 (SD 1.4), with 11.3% screening positive for anxiety symptoms (GAD2 3), and mean PHQ8 was 5.0 (SD 5.1), with 17.0% screening positive for any depressive symptoms (PHQ8 10) and 5.9% for moderate-severe depressive symptoms (PHQ8 15). Mean EQ-5D-5L index score was 0.79 (SD 0.17), with 53.4% reporting problems (levels 2-5) in mobility, 14.3% in self-care, 49% in usual activities, 74.6% in pain/discomfort, and 43.9% in anxiety/depression. Mean MCS score was 48.2 (SD 9.9), PCS score was 43.8 (SD 10.9), and MH score was 50.3 (SD 10.2), while 56.9% reported feeling downhearted/depressed.
Individuals with anxiety and/or depressive symptoms had a considerably lower mean EQ-5D-5L index score compared with those without any symptoms (0.81): anxiety (0.59), any depressive symptoms (0.59), moderatesevere depressive symptoms (0.53), comorbid anxiety and any depressive symptoms (0.55), and comorbid anxiety and moderate-severe depressive symptoms (0.51) ( Table  1) . A similar pattern was observed for SF-12 MCS and MH domain, whereby scores were lower with the presence of anxiety and/or depressive symptoms. For the EQ-5D-5L anxiety/depression item and the SF-12 feeling downhearted/depressed item, the proportion of patients reporting more problems and frequency of symptoms were higher in those with anxiety, depressive symptoms, or both, compared with those without any symptoms.
Correlations of SF-12 components with GAD2 and PHQ8 scores were strong for MCS (20.69 and 20.79, respectively), MH (20.68 and 20.68, respectively), and feeling downhearted/depressed item (20.64 and 20.63, respectively). These correlations for EQ-5D-5L ranged from moderate (GAD2: 20.48) to strong (PHQ8: 20.63) for the index score, and were strong for the anxiety/ depression dimension (GAD2: 0.72; PHQ8: 0.69).
Performance of EQ-5D-5L and SF-12 in Screening for Anxiety Symptoms
All EQ-5D-5L and SF-12 components performed very well in screening for anxiety symptoms as assessed by GAD2 (Table 2, Figure 1a) , with the highest AUROC observed for EQ-5D-5L anxiety/depression dimension (0.89; 95% CI: 0.86, 0.91) and SF-12 MCS (0.89; 95% CI: 0.87, 0.91), followed by SF-12 feeling downhearted/ depressed item (0.84; 95% CI: 0.81, 0.87) and MH domain (0.82, 95% CI: 0.80, 0.84), whereas the lowest performance was for the EQ-5D-5L index score (AUROC 0.79; 95% CI: 0.76, 0.82). Optimal performance was at cut-point 4 for the EQ-5D-5L index score (sensitivity 85.0%), cut-point 2 for the anxiety/depression dimension (sensitivity 96.8%), cut-point 5 for the MCS (sensitivity 97.2%), cut-point 4 for MH domain (sensitivity 91.5%), and cut-point 3 for feeling downhearted/depressed item (sensitivity 80.0%) ( Table 2 ).
Performance of EQ-5D-5L and SF-12 in Screening for Depressive Symptoms
All EQ-5D-5L and SF-12 examined components performed very well at screening for depressive symptoms (both severity levels), as assessed by the PHQ8, and overall, the performance was slightly better than that for anxiety symptoms (Table 3 For any depressive symptoms, the optimal performance was at cut-point 4 for EQ-5D-5L index score (sensitivity 84.6%), cut-point 2 for anxiety/depression dimension (sensitivity 95.3%), cut-point 4 for MCS (sensitivity 98.2%), cut-point 4 for MH domain (sensitivity 86.7%), and cut-point 3 for feeling downhearted/depressed item (74.0%). For moderatesevere depressive symptoms, the cut-point for optimal performance varied slightly, with generally lower sensitivity (Table 3) .
Performance of EQ-5D-5L and SF-12 in Screening for Comorbid Anxiety and Depressive Symptoms
For comorbid anxiety and any depressive symptoms, the EQ-5D-5L anxiety/depression dimension had the best performance with a highly accurate AUROC of 0.92 (95% CI: 0.90, 0.94), followed by the SF-12 MCS (0.91; 95% CI: 0.89, 0.92), while the lowest performance was ) were statistically significant at P Figure 1d ). Similar results were observed for comorbid anxiety and moderate-severe depressive symptoms (Table 4 , Figure  1e ), where the EQ-5D-5L anxiety/depression dimension had the highest AUROC (0.92; 95% CI: 0.89, 0.94), and the SF-12 MH domain had the lowest AUROC (0.81; 95% CI: 0.79, 0.83). For comorbid anxiety and any depressive symptoms, the optimal performance was at cut-point 4 for EQ-5D-5L index score (sensitivity 89.2%), cut-point 3 for anxiety/depression dimension (sensitivity 75.9%), cut-point 5 for MCS (sensitivity 86.5%), cut-point 4 for MH domain (sensitivity 93.7%), and cut-point 3 for feeling downhearted/ depressed item (sensitivity 82.1%). The cut-points for optimal performance were similar for comorbid anxiety and moderate-severe depressive symptoms with varying degrees of sensitivity and specificity.
Discussion
We found that the EQ-5D-5L (index score and anxiety/ depression dimension) and SF-12 (MCS, MH domain, and ''feeling downhearted/depressed'' item) generally performed very well in screening for anxiety and/or depressive symptoms in this sample of adults with type 2 diabetes. In particular, the anxiety/depression dimension of the EQ-5D-5L and the MCS score of the SF-12 had similarly strong performance in screening for these symptoms compared to the reference measures (GAD2 and PHQ8) with highly accurate AUROC values. These findings are consistent with previous studies that found the SF-12 and SF-36 to be suitable tools for screening for anxiety and/or depression in the general population, 29, 30 as well as in patients with coronary heart disease, 31 and those with chronic spinal pain. 32 Although there is an abundance of evidence on the use of EQ-5D instruments for measuring health status in individuals with mental health problems, [13] [14] [15] we are aware of only one study that suggested the EQ-5D-3L anxiety/depression dimension as a useful measure to differentiate among individuals with major depressive episode and anxiety and their counterparts, 33 and thus our results are consistent with those from that study.
The World Health Organization screening criteria, also known as the Wilson and Jungner criteria, 34 include 10 items that should be met in order to endorse screening for a particular disease. Having a ''suitable test or examination'' is one of these criteria that, on its own, is not sufficient to recommend screening. In this study, we found the EQ-5D-5L and SF-12 to be suitable tools to screen for anxiety and depressive symptoms in patients with diabetes in primary care. Nonetheless, other criteria need to be examined and addressed; such exploration is not within the scope of this article. Although depression is the leading cause of disability worldwide and a major contributor to the overall global burden of disease, 35 mental health screening is not regularly done and guidelines differ between agencies despite the availability of suitable screening tests. In Canada, while the Canadian Figure 1 Overall AUROC for the performance of EQ-5D-5L and SF-12 components in screening for anxiety and depressive symptoms.
Diabetes Association clinical practice guidelines recommend screening for depressive symptoms, 12 the Canadian Task Force for Preventive Health Care advises against routine screening for depression in primary care settings, even among those who may be at increased risk of depression. 36 In the United Kingdom, the National Institutes for Health and Clinical Excellence recommends targeted case identification rather than general population screening, 37 while the US Preventive Services Task Force recommends universal screening where adequate systems are in place to ensure accurate diagnosis, effective treatment, and appropriate follow-up. 38 These guidelines and others have considered the presence of supports for treatment and follow-up as a key determinant for screening, particularly while considering the harms of mental health screening such as labelling and stigma, false diagnosis, and lack of treatment and followup.
In using any of these instruments for the purpose of screening for anxiety and/or depressive symptoms, several factors need to be considered. For the EQ-5D-5L, the index score, which is a preference-based summary score of the five dimensions measured by the instrument, and the anxiety/depression dimension, both appeared suitable to screen for anxiety/depressive symptoms in this population of type 2 diabetes. However, the reference period of this instrument is ''today,'' and each dimension asks about the severity of problems, and not their frequency or impact on life; these characteristics may influence the application of the tool. The key advantage of the EQ-5D is that it is very short and easy to complete even in clinical settings, and screening for anxiety and depressive symptoms could be done using only one item, ''anxiety/depression dimension.'' As for the SF-12 that appeared to have a similar performance to that of the EQ-5D-5L, the reference period is 4 weeks, and the items assess the frequency of symptoms and the impact of such symptoms on one's life. To use the SF-12 as a screener for anxiety or depressive symptoms, one needs to ask all of the 12 items, and apply the scoring algorithm to obtain the MH and MCS scores. The choice between EQ-5D-5L and SF-12 to screen for anxiety and/or depressive symptoms depends not only on their suitability as a screening test but also on the clinical context and the purpose of screening, as well as the implications of such screening. The advantage of using these instruments is in the context of routine outcome measurement, as generic PROMs, which have multiple purposes. Preference-based measures like the EQ-5D may be used in economic evaluations. However, PROMs have been increasingly used in noneconomic applications including quality improvement within health care systems, surveillance of population health, and patient management in clinical practice. Routine mental health screening using these generic PROMs could be implemented within the context of these large-scale applications of these measurements. For example, in Canada, the provincial health ministry in Alberta has mandated that all chronic disease patients within primary care settings complete a health status measure, such as the EQ-5D-5L, on an annual basis for routine monitoring of outcomes and evaluation of health care services. Our results support the use of this measure to screen for anxiety and depressive symptoms in adults with type 2 diabetes in primary care; a population that reportedly suffers from high levels of mental health disorders that is often neither diagnosed nor treated. 39 A few limitations should be considered in the interpretation of the results of this study. First, anxiety and depressive symptoms assessment was based on selfreport. Although GAD2 and PHQ8 are widely used and established screening measures of anxiety and depressive symptoms, respectively, comparing the performance of the EQ-5D-5L and SF-12 to clinical assessments of these symptoms would provide a more robust conclusion about their suitability for this purpose. Second, some of the examined groups, namely, those with moderatesevere depressive symptoms (N = 82) and those with comorbid anxiety and moderate-severe depressive symptoms (N = 61) had small samples, which limits the analysis. Finally, this study included predominantly Caucasian adults with type 2 diabetes in Alberta, Canada; the generalizability of the results of this study is limited to similar populations, and therefore exploration in other populations is warranted.
In summary, we found the EQ-5D-5L and the SF-12 to be suitable tools for screening for anxiety and depressive symptoms in adults with type 2 diabetes. These tools present a unique opportunity for a standardized approach for routine mental health screening in primary care settings within the context of routine outcome measurement initiatives, particularly for patients with chronic diseases. Examining the suitability and usefulness of these tools and other PROMs in mental health screening in other chronic disease populations and clinical settings is crucial.
